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We have performed structural analyses on iron-based superconductors, PrFeAsOi- y and 
PrFeAsOi-zFz, systematically, by means of Rietveld method on neutron powder diffraction 
data. The shifts of iron ion valence from +2, S, are accurately determined from the occupancies 
of O and Oi- x F x sites obtained by the Rietveld analysis and F-concentration obtained by 
secondary ion-microprobe mass spectrometry . T c -S curve of PrFeAsOi-y is different from the 
curve of PrFeAsOi-^Fa;, indicating that S is not a principal parameter for T c in so-called 1111 
system. Structural parameters of the FeAs layers, for example, As-Fe-As bond angle and As- 
height from Fe layer, are different between both systems with similar 5-values. Their parent 
compounds are also found to have different structural parameters, possibly due to the different 
synthetic conditions. These results suggest that the difference of structural parameters of FeAs 
layer is the origin of the discrepancy of T c -8 curves of both systems and the T c -value in the 
1111 system is sensitive to the structural parameters. It may be attribute to an energy balance 
of the conducting bands contributing to the superconductivity. 

KEYWORDS: iron-based superconductor, structural analysis, neutron diffraction 



1. Introduction 

Iron-based high-T c superconductor was first discov- 
ered by the partial substitution of flourine for oxygen 
in LaFeAsO which is a semimetal with an antiferro- 
magnetic ordering. 1 ) After this dicovery, the series of 
RFcAsOi-^Fj; systems were synthesized and the su- 
perconducting transition temperature T c reached up to 
about 55 K, where R is lanthanide elements. 2 ~ 6 > In these 
systems, the partial substitution of flourine for oxygen 
causes the change of the valence of iron ion from +2 
to +(2-x), resulting in so-called electron doping in the 
conducting bands which consist of Fe 3d orbitals. The 
electron doping is considered to cause the phase tran- 
sition from antiferromagnetic state to superconducting 
state. In term of same idea, RFeAsOi_ y systems with 
the oxygen deficiency which also induces the electron 
doping are synthesized under high pressure and they 
also exhibit the superconductivity. 7 ) Other compounds, 
AFC2AS2 with A=Ba or Sr, show the transition from an- 
tiferromagnetic ordering to superconducting state by the 
substitution of Co for Fe, which gives the excess 3d elec- 
trons. 8 ) 

In early stage of iron-based superconductor research, 
theoretical studies point out the role of electron doping. 
The 3d orbitals of Fe give the Fermi surface of a hole at 
r-point and the Fermi surface of an electron at M-point 
in reduced Brilliouin zone. 9 - 1 At non-doping, the nesting 
between Fermi surfaces at T- and M-points induces the 
spin density wave state (SDW) or antiferromagnetic or- 
dering state. The electron doping suppresses the SDW, 
and, however, the nesting gives a dynamical spin fluctu- 



ation which is considered to be origin of the supercon- 
ductivity. 10 ~ 13 ) The recent experimental results support 
the above theoretical picture. The inelastic neutron scat- 
tering measurements on LaFcAsOi^ajF^ with x=0.057, 
0.082 and 0.157 indicate that the spin fluctuation ob- 
served in the sample with £=0.057 and 0.082 which ex- 
hibit superconductivity, almost disappears in the sample 
with x=0.157 in which the high-T c superconductivity is 
almost suppressed. 14 ^ It can be explained that the excess 
electron doping shrinks the hole Fermi surface at r-point. 
The shrinking of the hole Fermi surface is also observed 
by ARPES on over-doped BaFe2- a; Co a ;As2 with £=0.3 
in which the superconductivity is almost suppressed. 15 ) 
These results show the importance of the electron dop- 
ing and/or the valence shift of Fe ion from +2 to the 
superconducivity. 

However, several experimental results indicate that the 
valence shift of Fe ion is not solitary parameter to con- 
trol the electronic state in the iron-based superconduc- 
tors. T c of LaFeAsOi-^F^ system is highly suppressed 
around £=0.20, while the T c of other lanthanide sys- 
tems, for example, Ce and Pr, remain near maximum 
values at similar x- region. 16 ~ 18 ) The Fe- valence at the 
boundary between antiferromagnetic ordering and su- 
perconducting phases in LaFcAsOi-^Fz system is about 
+1.95 (x ~ 0.05), 1 ) very different from the value of about 
+1.6 of PrFeAsOi_ y system (y ~ 0.2). 7) On the other 
hand, early structural analysis on RFcAsOi_ y shows that 
the maximum T c values of RFcAsOi-j, systems depend 
on As-Fe-As bond angles. 19 ) Theoretical study indicates 
that an amplitude and Q-dependence of spin fluctua- 
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tion depend on the height of pnictogen ion, resulting 
in the difference of maximum T c - values in RFeAsOi_ y 
systems. 20 ^ These results suggest that the structural pa- 
rameters of FeAs layer are also important parameters for 
the electronic state in the iron-based superconductors. 
We have performed sturctural analyses on 1111 system 
with identical lanthanidc clement, Pr, in which supercon- 
ductivities are induced by oxygen deficiency and flourine 
substitution, in order to obtain information on the role 
of structural parameters to the electronic state and su- 
perconductivity. 

2. Experiments 

Powder samples of PrFeAsOi_ y and PrFeAsOi-^F^ 
were prepared by following processes. Polycrystalline 
samples of PrFeAsOi_ y have been synthesized by high 
pressure method using belt-type-anvil apparatus. Pow- 
ders of PrAs, Fe, Fe2C>3 were used as the starting mate- 
rials for PrFcAsOi_j,. PrAs was obtained by reacting Pr 
powders and As grains at 500 °C for 10 hours and then 
850 °C for 5 hours in an evacuated quartz tube. Mixed 
starting materials with their nominal compositions of 
PrFeAsOi_. y were sintered at 1000-1200 °C for 2 hours 
under a pressure of about 2 GPa using belt-type-anvil 
apparatus. The samples of about 1.8 g were prepared for 
neutron diffraction. Powder x-ray diffraction data show 
that obtained samples contain impurities of Pr 2 03, FeAs 
and PrAs. The samples with nominal y-values larger 
than 0.2 are not used for the structural analysis because 
they contain the large amount of impurities. Powders of 
PrAs, Fe, Fe203, and FeF2 were used as starting ma- 
terials for the synthesis of PrFeAsOi-aFa,. The starting 
materials with nominal composition of PrFeAsOi-^F^, 
were mixed and sintered at 1100 °C for 10 hours in an 
evacuated quartz tube. The masses of samples for neu- 
tron diffraction are about 5 g. Powder x-ray diffraction 
data show that obtained samples contain only single 
PrFeAsOi-^Fa, phase. The ratios of oxygen and flourine 
in the samples with finite x were determined by sec- 
ondary ion-microprobe mass spectrometry (SIMS). 

The T c values are determined by the eletrical resisitiv- 
ity measured by PPMS and the superconducitng shield- 
ing diamagnctism measured by SQUID magnetometer. 

Neutron powder diffraction measurements were per- 
formed at room temperature, using the high-resolution 
powder diffractometer HRPD (neutron wave length: 
1.8234 A, collimations: open (effective value of 35')-20'- 
6') installed in the reactor JRR-3 of JAEA. Diffraction 
data were collected with constant monitor counts and 
a step angle of 0.05 ° over the 29 range of 10-162.4 °. 
These experimental conditions and the sample positions 
are completely common to all measurements. The pow- 
der samples were set in vanadium holders with diameters 
of 6 and 10 mm for PrFcAsOi_j, and PrFeAsOi-^Fa,, re- 
spectively. 

3. Experimental Results 

Temperature (T) dependences of the resistivities of 
PrFeAsOi_.y are shown in Fig. 1(a). As shown in Fig. 
1(a), the decrease of the resistivity of sample A- 4 is some- 
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Fig. 1. (a) Temperature dependence of the electrical resistivities 
of PrFeAsOi_ y with y=0.0 (sample A-l), 0.05 (A-2), 0.09 (A-3), 
0.10 (A-4) and 0.20 (A-5). For all samples, y are nominal val- 
ues. The magnetic susceptibilities are plotted for superconduct- 
ing samples, A-4 (b) and A-5 (c). Signals in zero-field-cooling 
(Z. F. C. : superconducting shielding signal) and field-cooling 
(F. C. : Meissner signal) are shown. Vertical arrows show the 
onset temperature of superconducting shielding diamagnctism. 



what broad at the superconducting transition. Here, we 
define the middle point between the onset of the resistiv- 
ity drop and the zero-resistivity as the T c -value estimated 
from the resisitivity measurement, Xj! es . T-dependences 
of the magnetic susceptibilities of superconducting sam- 
ples A-4 and A-5 are shown in Figs. 1(b) and 1(c). The 
onset temperature of the shielding is defined as T c -value 
estimated from the shielding measurement, T c sh . For sam- 
ple A-4, although the superconducting signal is observed 
at about 34 K, the signal is very small. Then we define 
T c sh =18 K where clear drop of the signal is observed, as 
shown by vertical arrow. The values of T c sh almost corre- 
spond with the values of T c res . The resistiviy of the sample 
with nominal y—0.09 (sample A-3) does not exhibit su- 
perconductivity although the anomaly caused by the an- 
tiferromagnetic ordering and structural phase transition 
from the tetragonal to orthorhombic structure is not ob- 
served. The superconducting shielding diamagnctism is 
observed below about 16 K. However, because the volume 
fraction of the shielding signal is less than 1 % at about 4 
K, this sample is regarded as non-superconducting sam- 
ple. 

Figure 2(a) shows the T-dependences of the resistiv- 
ities of PrFeAsOi-^F*. In Figs 2(b), 2(c) and 2(d), In- 
dependences of the magnetic susceptibilities of supercon- 
ducting samples B-2, B-3 and B-4 are shown, respec- 
tively. In the case of this system, the superconducting 
transitions observed in the resistivity and the shielding 
signal arc sharp and the values of T c res almost correspond 
with the values of T c sh . 

Figures 3(a) and 3(b) show the neutron powder diffrac- 
tion patterns of the samples with nominal compositions 
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Fig. 2. (a) Temperature dependence of the electrical resistivities 
of PrFeAsOi-^Fz with x=0.0 (B-l), 0.05 (B-2), 0.10 (B-3) and 
0.15 (B-4). For all samples, x are nominal values. The magnetic 
susceptibilities are plotted for superconducting samples, B-2 (b), 
B-3 (c) and B-4 (d). Signals in zero-field-cooling (Z. F. C. : super- 
conducting shielding signal) and field-cooling (F. C. : Meissner 
signal) arc shown. Vertical arrows show the onset temperature 
of superconducting shielding diamagnctism. 



of PrFeAsOo.g (sample A-4) and PrFeAsOo.gFo.i (sam- 
ple B-3), as typical examples of the data on PrFeAsOi-y 
and PrFeAsOi-zFz, respectively. The observed data are 
shown by crosses. Structural analyses on neutron pow- 
der diffraction data are performed by using the pro- 
gram RLETAN2000. 21 ' The space group of PA/mmm is 
used. The data of PrFeAsOi_ y system are analyzed in- 
cluding Pr 2 C>3, FeAs and PrAs as impurities, while the 
data of PrFeAsOi-^F^ system are analyzed as single 
phase samples. The occupation factor of O and Oi- x F x 
sites of PrFeAsOi_y and PrFeAsOi-^F^ are also re- 
fined, respecviely, in order to determine the valence of 
Fe ion accurately. The obtained structural parameters 
of PrFeAsOi_y and PrFeAsOi_ x F x are shown in Tables 
I and II, respectively. Errors of the parameters shown 
in the tables are mathematical standard deviations ob- 
tained by Rictvcld analysis. Mass fractions of the im- 
purities in PrFcAsOi-j, are also shown in Table I. The 
diffraction patterns calculated by using refined param- 
eters are shown in Figs. 3(a) and 3(b) by solid lines. 
The calculated lines can reproduce the observed data. In 
Table II, the accurate Oi-^F^. ratios of PrFeAsOi_ x Fj; 
samples estimated by SIMS are also shown. 
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Fig. 3. Observed (crosses) and calculated (solid lines) neutron 
powder diffraction patterns of the samples with nominal compo- 
sitions of PrFeAsOo.g (a) and PrFeAsOo.gFo.i (b), respectively. 
Vertical bars show the calculated position of Bragg reflections 
including the impurities. The solid lines at the bottom of the 
figures arc the differences between observed and calculated intc- 
sities 



4. Discussions 

Now we can accurately estimate the shift of the 
Fe valence from +2, S, because the occupancies of O 
{Oi- x F x ) site in PrFeAsOi^ (PrFeAsOi-^) and the 
ratio of Oi- x F x in PrFcAsOi-^F^ are accurately de- 
termined by neutron diffraction and SIMS measure- 
ments, respectively. We use the values of T c sh as re- 
values because T c sh almost correspond with T c ros , as 
shown in previous section. In Fig. 4, T c (T* h ) of 
PrFeAsOi_j, and PrFcAsOi^^F^ are plotted as func- 
tions of 5, by closed circles and squares, respectively. 
T c -S curve of PrFcAsOi_j, obviously deviates from the 
curve of PrFeAsOi-^F^. T c -value of PrFcAsOi^Fa; in- 
creases against S rapidlier than the value of PrFcAsOi_ a , 
and reaches the maximum T c - value at S ~ 0.16 while the 
T c -value of PrFeAsOi-^ almost reaches the maximum 
at S <~ 0.29. These results indicate that the T c -value is 
not determined only by S- value, at least, in so-called 1111 
system even if the system consists of identical lanthanidc 
element. 

The lattice parameters a and c of PrFcAsOi_ y and 
PrFeAsOi-^Fz are shown in Fig. 5 by the cirlces and 
squares, respectively. The superconducting and non- 
superconducting samples are shown by the closed and 
open symbols. The data are plotted as functions of 5. 
At similar 6-values, the values of a (c) of PrFcAsOi_ y 
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Table I. Structural parameters of PrFeAsOi— y (space group 
P4/mmm) determined by Rictveld analyses of neutron powder 
diffraction data at room temperature. Compositions of starting 
mixtures with y=0.0{&), y=0. 05(b), y=0. 09(c), y=0. 10(d), and 
y=0. 20(e). B is the isotropic displacement parameter. 



Atom Site Occ. 



U 



B 



(a) Sample A-l (nominal y=0.0, non-super.) 
a=3.9861(2), c=8.6007(4) A, R„ p = 5.67 %, -R wp /-R c = 1.40 
Pr 2c 1 1/4 1/4 0.1387(4) 0.50(7) 
Fe 2b 1 3/4 1/4 1/2 0.39(4) 
As 2c 1 1/4 1/4 0.6566(3) 0.66(5) 
O 2a 0.992(6) 3/4 1/4 0.28(6) 
impurity : Pr 2 3 9.1 %, FcAs 8.6 %, PrAs 0.0 % 

(b) Sample A-2 (nominal y=0.05, non-super.) 
a=3.9854(2), c=8.5963(3) A, R wp = 5.32 %, R wp /R c = 1.33 
Pr 2c 1 1/4 1/4 0.1394(4) 0.49(5) 
Fc 2b 1 3/4 1/4 1/2 0.46(4) 
As 2c 1 1/4 1/4 0.6562(2) 0.52(4) 
O 2a 0.972(4) 3/4 1/4 0.26(5) 
impurity : Pr 2 3 2.9 %, FeAs 2.3 %, PrAs 0.0 % 

(c) Sample A-3 (nominal y=0.09, non-super.) 
a=3.9861(l), c=8.5884(3) A, i? wp = 5.53 %, R wp /R c = 1.15 
Pr 2c 1 1/4 1/4 0.1390(3) 0.77(4) 
Fe 2b 1 3/4 1/4 1/2 0.62(3) 
As 2c 1 1/4 1/4 0.6564(2) 0.55(3) 
O 2a 0.982(4) 3/4 1/4 0.44(4) 
impurity : Pr 2 3 2.5 %, FcAs 1.8 %, PrAs 0.0 % 

(d) Sample A-4 (nominal y=0.10, T,!' cs =15.8 K, T c sh =18 K) 
a=3.9798(l), c=8.5880(2) A, R„ p = 4.92 %, iJ wp /-R c = 1.27 
Pr 2c 1 1/4 1/4 0.1400(3) 0.83(6) 
Fe 2b 1 3/4 1/4 1/2 0.55(4) 
As 2c 1 1/4 1/4 0.6574(2) 0.47(4) 
O 2a 0.908(4) 3/4 1/4 0.13(5) 
impurity : Pr 2 3 0.0 %, FcAs 2.7 %, PrAs 2.0 % 

(e) Sample A-5 (nominal y=0.20, T c rcs =45.3 K, T c sh =45 K) 
a=3.9709(2), c=8.5839(3) A, R„ p = 6.52 %, R^p/Rc = 1.54 
Pr 2c 1 1/4 1/4 0.1423(3) 0.60(6) 
Fe 2b 1 3/4 1/4 1/2 0.35(4) 
As 2c 1 1/4 1/4 0.6579(3) 0.52(5) 
O 2a 0.857(6) 3/4 1/4 0.50(6) 
impurity : Pr 2 3 0.0 %, FeAs 2.8 %, PrAs 2.3 % 



are larger (smaller) than the values of PrFcAsOi-^-F.,;. 
We note that even the parent compounds in both sys- 
tems corresponding to the samples A-l and B-l have 
different lattice parameters although they have very simi- 
lar composition of PrFeAsOo.992 and PrFcAsOn.987. This 
discrepancy of the lattice parameters are caused by the 
different conditions of their syntheses as mentioned in §2. 
Because PrFeAsOi_ y system including the parent com- 
pound are synthesized under high pressure, the c-axis 
that PrO and FeAs layers are alternately stacked con- 
tracts relative to the c-axis of PrFeAsOi-^F^ system. 

The difference of lattice parameters naturally causes 
the difference of the strctural parameters on FeAs layer 
which exhibits the superconductivity. The As-Fe-As 
bond angle, a, defined in ref. 19 is the good indicator 
of the maximum value of T c in RFcAsOi-y systems. 19 ' 
It is suggested that the T c -value becomes maximum as 
the a-value approaches 109.47 °at which the FeAs4 unit 
is a regular tetrahedron. On the other hand, theoret- 



Table II. Structural parameters of PrFeAsOi-^Fj; (space group 
PA/mmm) determined by Riot veld analyses of neutron powder 
diffraction data at room temperature. Compositions of starting 
mixtures with 2=0. 0(a), 2=0. 05(b), 2=0. 10(c), and 2=0. 15(d). 
Oi—xFx ratio in the column are estimated by SIMS. 



Atom 



Site Occ. 



B 



(a) Sample B-l (nominal £=0.0, non-super.) 
a=3.9810(l), c=8.6230(2) A, R wp = 6.44 %, R„ p /R c = 1.19 

Pr 2c 1 1/4 1/4 0.1391(2) 0.78(4) 

Fe 2b 1 3/4 1/4 1/2 0.58(3) 

As 2c 1 1/4 1/4 0.6569(2) 0.51(3) 

O 2a 0.987(4) 3/4 1/4 0.52(4) 

(b) Sample B-2 (nominal x=0.05, T,!' cs =32.2 K, T c sh =32 K) 
a=3.9773(l), c=8.6108(2) A, R„ p = 6.11 %, Rv, p /R c = 1.14 

Pr 2c 1 1/4 1/4 0.1409(2) 0.76(4) 

Fe 2b 1 3/4 1/4 1/2 0.56(3) 

As 2c 1 1/4 1/4 0.6571(2) 0.51(3) 

O0.945F0.05s 2a 0.986(4) 3/4 1/4 0.58(4) 

(c) Sample B-3 (nominal 2=0.10, T c rcs =46.1 K, T c sh =46 K) 
a=3. 9749(1), c=8.6007(2) A, R wp = 6.15 %, R. wp /R c = 1.13 

Pr 2c 1 1/4 1/4 0.1430(2) 0.85(4) 

Fe 2b 1 3/4 1/4 1/2 0.59(3) 

As 2c 1 1/4 1/4 0.6577(2) 0.54(3) 

Oo.878F .i 22 2a 0.990(4) 3/4 1/4 0.56(4) 

(d) Sample B-4 (nominal 2=0.15, T c rcB =48.7 K, T c sh =47 K) 
a=3.9711(l), c=8.5996(2) A, fi wp = 6.34 %, R wp /R c = 1.19 

Pr 2c 1 1/4 1/4 0.1443(3) 0.96(4) 

Fe 2b 1 3/4 1/4 1/2 0.59(3) 

As 2c 1 1/4 1/4 0.6583(2) 0.47(3) 

Oq.868Fq.i 32 2a 0.985(4) 3/4 1/4 0.54(4) 
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Fig. 4. (Color onlinc)T c of PrFeAsOi_ a and PrFeAsOi arc 
plotted as a function of <5, by closed circles and squares, respec- 
tively. 



ical study suggests that the pnictogen height defined 
as (zas — 0.5) x c changes the spin fluctuation arsing 
from Fermi surface nesting between T and M points 
which induces the s± superconductivity. The spin fluc- 
tuation arising from the T-M Fermi surface nesting is 
enhanced with increasing the pnictogen height, resulting 
in the increase of T c . 20 ' Experimentally, it is suggested 
that T c becomes maximum as the value of the pnicto- 
gen height approaches about 1.38 A. 22 ) Here we focus on 
these two structural parameters. In Fig. 6(a), a-values 
of PrFeAsOi-y and PrFcAsOi-^Fa; are plotted as func- 
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Fig. 5. (Color online) Lattice parameters of a (bottom panel) and 
c (top panel) of PrFeAsOi-y and PrFeAsOi-^ F^ are plotted 
as a function of <5 by the cirlces and squares, respectively. The 
superconducting and non-superconducting samples are shown by 
the closed and open symbols. 



tions of S. In both systems, the a-values decrease with 




Fig. 6. (Color online)As-Fe-As bond angle, a, defined in ref. 
19 (a) and pnictogen height hAs defined in ref. 20 (b) of 
PrFcAsOi_y and PrFcAsOi—xFj; are plotted as functions of S 
by the cirlces and squares, respectively. The superconducitng and 
non-superconducting samples are shown by the closed and open 
symbols. 



increasing S, at least, consistent with the behavior in 
RFeAsOi_. y systems reported in ref. 19. The a-values 
of PrFeAsOi-y are larger than a of PrFeAsOi-^Fa; 
at similar S- values, indicating that the FeAs layer of 
PrFeAsOi_j, is flatter than the layer of PrFeAsOi-^Fa; as 
expected from the relation of the lattice parameters be- 
tween both systems shown in Fig. 5. In PrFcAsOi-zF-r, 
a reaches the minimum value which almost corresponds 
with the reported value, 4, 19 > 23 ) at smaller 6 relative to 
the case of PrFeAsOi-^. In Fig. 6(b), the pnictogen 



heights, /ias of PrFcAsOi_y and PrFeAsOi_ x F x are plot- 
ted as functions of 5. The /lAs-values of PrFeAsOi-^F^ 
are larger than h^s of PrFeAsOi_ y at similar <5-values. 
These results indicate that the structural parameters of 
FeAs layer are obviously different between PrFeAsOi_ y 
and PrFeAsOi-zF-j. Such difference of FeAs layer may 
give the difference of T c -5 curves shown in Fig. 4. 

The strong correlation between the crystal structure 
and the magnetism of Fe ion is pointed out by other 
experimental studies. For example, phonon energy con- 
tributed from FeAs layer is smaller than the energy ob- 
tained by the first principle calculation, and this discrep- 
ancy can be corrected by the calculation which takes 
the magnetic moment of Fe into account. 24 ) The ampli- 
tude of ordrcd magnetic moment in the parent compound 
depend on the pnictgen height. 25 ' As mentioned in §1, 
the correlation between the magnetism and the super- 
conductivity is also pointed out. The theoretical studies 
on iron-based superconductors suggest that three 3d or- 
bitals, 3d x 2_ y 2 7 3d zx and 3d yz orbitals form the Fermi 
surfaces and the spin fluctuation arsing from the nesting 
between the different Fermi surfaces induces the super- 
conductivity 12,26 ' 1 Based on such senario, the supercon- 
ductivity and/or the spin fluctuation arising from the 
Fermi surface nesting can be sensitive to the structural 
parameters of FeAs layer because the energy levels of 
three 3d orbitals are changed by the structural param- 
eters. Our results confirm the strong correlation among 
the structural parameters, the magnetism and the super- 
conductivity in the iron-based superconductors. 

Here, we note that the change of the lattice param- 
eter c of PrFeAsOi_j, are not perfectly systematic for 
the change of 6, as shown in Fig. 5. The lattice param- 
eter c of PrFeAsOi_y with 5 ~ 0.04 corresponding to 
sample A-3 is obviously smaller than the values of other 
two non-superconducting samples. As a possible origin 
of such behavior, it is suggested that the crystal struc- 
ture of PrFeAsOi-y system is metastable, at least, at 
high temperature, because PrFeAsOi_ y system can be 
synthesized only under high pressure. If the system is 
metastable, the slight difference of the synthetic condi- 
tion can cause the difference of structural parameters. 
In addition, the resistivity of the sample A-3 does not 
exhibit the anomaly caused by antiferromagnetic order- 
ing and structural phase transition while the sample A- 
2 with larger (5-value exhibits antiferromagnetic order- 
ing and structural phase transition. Such non-systematic 
behavior to S in PrFeAsOi_j, system also indicates the 
strong correlation between the structural parameters and 
the electronic state in iron-based superconductors. 

Finally, we plot the T c -values of PrFcAsOi_ y and 
PrFeAsOi-^Fj; against above structural parameters, a 
and ZiAs- In Figs. 7(a) and 7(b), a and /ia s dependences 
of T c arc shown, respectively. Note that, in ref. 19 and 
22, T c -values of many types of iron-based superconduc- 
tors whose "carrier doping levels" are adjusted to maxi- 
mum T c , are plotted against the a and Ha s - On the other 
hand, we plot T c against the a and h^s from antiferro- 
magnetic phase to superconducting phase only on Prllll 
systems with oxygen deficiency and flourine substitution. 
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Fig. 7. (Color online)T c of PrFeAsOi_ H and PrFeAsOi-^Fz are 
plotted by closed circles and squares, respectively, as functions 
of a (a),/iAs (b), and volume of unit cell V (c). 



T c -values of PrFcAsOi_j, and PrFcAsOi-^Fa; increase as 
a- values approach the optimum value of 109.47 °, qualita- 
tively consistent with 1111 systems with other rare earth 
elements. 19 ' Similar a-dependence of T c is also observed 
in hole doped 122 system. 2T ) T c -values of PrFeAsOi-^ 
and PrFeAsOi-^F^ increase as /iA s _va hies approach the 
optimum value of 1.38 A. In FeSc 1 _ ;! .Te a ; system, the sim- 
ilar behaviors of a and h^ s are also observed, at least, in 
the x region from the antiferromagnetic ordering phase 
at sg=1.Q to the superconducting phase with maximum 
T c -value at x=0.5. 28 ' 29 ^ These results suggest that the a 
and /ias are important parameters for the appearance of 
the superconductivity although the relation between the 
a and electronic state is not obvious. In addition, we also 
regard the volume-change as important. The T c -value in- 
creases with decreasing unit cell volume as shown in Fig. 
7(c). The similar behaviors are also observed in hole- 
and electron-doped 122 systems, 27 ' 30 ) and FeSei-ajTe^ 
system in the region of 0.5 ^ x ^ 1.0. 28 ^ Simply consid- 



ering the magneto- volume effect, a disappearance of the 
magnetic ordering in the sample with smaller volume is 
reasonable. However, the correlation between T c and the 
unit cell volume is not obvious. Now we know that the Tc- 
value is sensitive to the structural parameters. The fur- 
ther systematic studies to reveal the correlation among 
the structural parameters, the electronic state and the 
superconductivity are necessary. 

5. Summary 

We have performed the Rictvcld analyses on the 
neutron powder diffraction data of PrFcAsOi_j, and 
PrFeAsOi-^F^ in which the superconductivities are in- 
duced by the oxygen deficiency and flourine substitu- 
tion, respectively. The T c -values of both systems are not 
scaled by the valence shift of Fe ion, 5, which is accu- 
rately determined by the Rietveld analysis. The struc- 
tural parameters of FcAs layer arc different between both 
systems including the parent compounds with the same 
composition. These results suggest that T c -values of the 
iron-based supercomductors are sensitive to the struc- 
tural parameters of FeAs layer. Such sensitivity of T c 
to the structural parameters may be due to the energy 
blance of 3d orbitals contributing to the superconductiv- 
ity which is affected by the structural parameters. 
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